Summary
Introduction
The recent discovery of the Munich Wistar rats endowed with glomeruli situated on the renal cortical surface has produced significant advances in the study of dynamics of glomerular ultrafiltration (Brenner, Deen & Robertson, 1976) . However, other strains of rats representing unique genetic models for the study of important human diseases such as hypertension and diabetes (Dahl, Heine & Tassinary, 1962; Okamoto & Aoki, 1963; Cohen, Teitelbaum & Saliternik, 1972) do not have superficial glomeruli. In these animals, glomerular capillary pressures must be estimated from the sum of stop-flow pressures and systemic oncotic pressures (Gertz, Mangos, Braun & Pagel, 1966) , which are calculated from plasma protein measurements by !:sing the equation of Landis & Pappenheimer (1963) . This equation is based on protein properties of human plasma and was found to accurately predict oncotic pressures of normal
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Sprague-Dawley rat plasma (Brenner, Ueki & Daugharty, 1972) . In these studies, the albumin/globulin ratio of rat plasma was assumed to be close to that of human plasma. In studies of spontaneously hypertensive rats, we found that persistent packed cell volume changes developed during anaesthesia and surgical stress (Azar, Johnson, Scheinman, Bruno & Tobian, 1979) , which, coupled with the reported increase in transcapillary escape of albumin, IgG and IgM plasma fractions in hypertension (Pawing, Nielsen & Lassen, 1974) , led us to question the use of oncotic pressures calculated from protein values obtained with the Lowry method (Lowry, Rosebrough, Farr, & Randall, 195 1) : The Fohn reaction involved in this method has the disadvantage that the amount of colour varies with different proteins, thus being less constant than the biuret reaction. Furthermore, it is well known that different types of proteins are quite dissimilar in their oncotic pressure activities (Landis et a/., 1963) . In estimating glomerular capillary pressure, the values of oncotic pressure calculated from protein measurements can be critical in the final analysis of glomerular dynamics. We have now correlated directly measured values of oncotic pressure with those calculated with protein concentrations obtained by the Lowry microanalysis method and biuret reaction. These determinations were made with rat plasma samples of known albumin/globulin ratios at protein concentrations from 2.2 g/100 ml to 12.2 g/100 ml.
Methods
Blood samples from four Sprague-Dawley, Dahl salt-resistant rats weighing 400-450 g (Brookhaven National Laboratories, Upton, New York, U.S.A.) were centrifuged, the plasma was pooled and concentrated by ultrafiltration in an Amicon model 12 magnetic stirred cell, with a PM-10 filter (Amicon Corporation, Lexington, Massachusetts, U.S.A.) at a constant temperature of 4OC with nitrogen at a pressure of 70 Ib/in2. The concentrated plasma was then rediluted with the proteinfree filtrate, to give protein concentrations covering the entire physiological range of pre-and postglomerular blood, without altering pH, ionic concentration or the structure of protein.
Values of oncotic pressure in both rat plasma and albumin standards were measured with a temperature-controlled micro-osmometer (IPM, San Diego, California, U.S.A.), and a semipermeable PM-30 Amicon membrane (Amicon Corporation) as described by Brenner et a/. (1972) .
Bovine albumin solution (fraction V, Path-0-Cyte 2, lot 12B; Miles Laboratories Inc., Elkhart, Indiana, U.S.A.) with a protein content determined by Kjeldahl analysis of 22.4 g/100 ml was used for standards. Reproducibility was assessed by diluting the albumin standard to 5.6 g/100 ml and 9.0 g/100 ml concentrations with a buffered electrolyte solution (NaCI 0.12, NaHCO, 0-03, KCI 0.004, KH,PO, 0.001 mol/l), pH and osmolality being maintained at constant physiological values, giving a mean value of 22.1 mmHg (se 0.1; IZ = 10) for the 5.6 g/100 ml solution and 48.6 mmHg (SE 0.1; IZ = 10) for the 9.0 g/100 ml solution.
Protein was measured by biuret reaction and by the Lowry microanalysis method (Azar, Johnson, Hertel & Tobian, 1977) . Proteins determined by the biuret reaction were read on a Beckman spectrophotometer at a wavelength of 550 nm. A semiquantitative albumin/globulin ratio was determined by cellulose acetate electrophoresis. The membranes were exposed to Ponceau's stain, 0.2% in trichloroacetic acid (Consden & Kohn, 1959) , for 10 min (Greenbaum, Kirk & Atchley, 1960). The washed, dried membranes were read with a densitometer (Beckman Instruments, Fullerton, California, U.S.A.). The protein concentrations of the samples analysed were all within the physiological range (5.3-7.4 g/100 ml). The albumin/globulin ratio of the pooled plasma samples was 0.74. After ultrafiltration, protein values of 6.7, 8.5, 9.9 and 10.1 g/100 ml were obtained. The albumin/globulin ratios were 0.73, 0.75, 0.75 and 0.72 respectively. Genetic and/or environmental differences may cause variation in rat plasma albumin/globulin ratios. To study these ratios and their relationships to oncometry and protein determinations by Lowry microanalysis, we used nine Kyoto genetically hypertensive rats, eight Kyoto normotensive rats (A. R. Schmidt Company, Madison, Wisconsin, U.S.A.). and five randomly bred Wistar rats (Harlan Industries, Cumberland, Indiana, U.S.A.). At 17-18 weeks of age, these animals were infused with a mixture (1 : 1) of Krebs-Henseleit buffer and fresh plasma obtained from litter mates. After 2 h, blood samples were drawn (Azar et al., 1979) . We also determined albumin/globulin ratios alone in two groups of 12 weeks old male Sprague-Dawley rats, eight from A. R. Schmidt Company and eight from Taconic Farms Inc. (Germantown, New York, U.S.A.). These data were compared by using unpaired t-test, P < 0.05 being considered significant (Snedecor & Cochran, 1967) . & Pappenheimer (1963) and COP, equations. Regression equations were compared for significance, the linear model being used (Graybill, 1976) . Over the entire protein concentration range, the COP values vary between -5% and + 10%.
Results
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COP calculated from protein determined by the Lowry method exceeded measured COP in three groups of Wistar rats (Table 1) . Here, we used crystalline bovine albumin (Armour Pharmaceutical Company, Kankakee, Illinois, U.S.A.) to make the standards by weighing out corresponding amounts. We compared these standards with a 10% crystallized bovine albumin solution (biuret protein = 8.8%; Kjeldahl protein = 9.3%) (Miles Laboratories, Elkhart, Indiana, U.S.A.) and found that they exceeded plasma protein values by 9.7% (SE 0.9; n = 5) with the biuret method and standardization, and by 3.5% (SE 0.6; n = 5 ) with Kjeldahl standardization. Therefore the discrepancy between measured COP and COP by the Lowry method in these rats was in some part related to the content of protein in the standard. Although total plasma protein was significantly higher in Wistar rats than in Kyoto hypertensive and normotensive rats, their albumin fractions and COP values were similar. The low albumin/globulin ratio of the Wistar rats thus implied that their plasma globulin concentrations were higher.
The albumin/globulin ratios in the two groups of Brenner et al. (1972) reported that the Landis and Pappenheimer equation accurately predicted COP in normal Sprague-Dawley rats. Although albumin/globulin ratios were not determined, it is possible that the rats they used had values closer to human plasma. In Sprague-Dawley rats purchased from two different suppliers, we found the albumin fraction to be 47.1% in one group, whereas it was 45.2% in the other. Furthermore, the albumin fraction was found to be only 42% in the plasmas of the Sprague-Dawley rats used for our regression equation. It appears that as the difference in albumin/globulin ratio between human and rat plasma becomes more pronounced, the determination of rat plasma COP with the Landis and Pappenheimer equation becomes less accurate. Navar & Navar (1977) reported an albumin/globulin ratio of 1.4 for the normal Sprague-Dawley rat. The difference between this value and the ratios of 0-90 and 0.83 that we found in two groups of these rats could have resulted in part from the methods of analysis used. Environmental and/or genetic differences might also play a role in the values of albumin/globulin ratios as shown in our Wistar strain study. There is a possibility that genetic changes manifested by phenotypic dissirnlarities arise in different colonies, thus possibly explaining the unusually low albumin/globulin ratio found in our randomly bred Wistar rats. However, as these rats were not purchased from the same company, environmental conditions cannot be ruled out.
Experimentally induced changes in albumin/ globulin ratio such as those observed with infusion of hyperoncotic albumin (Blantz, Rector & Seldin, 1974) , or in glomerulonephritis (Maddox, Bennet, Deen, Glassock, Knutson, Daugharty & Brenner, 1975) , require the derivation of a new COP-protein relationship. Our finding of different albumin/globulin ratios in normal rats calls for caution in predicting COP from measurements of plasma proteins by the Landis and Pappenheimer equation. The albumin/globulin ratio should always be measured first so that, if close to human plasma, the Landis and Pappenheimer equation can be used; if not, a new COP-protein expression should be derived to minimize errors in indirect determination of glomerular capillary pressures.
